An agent-based model of firms and their stakeholders' economic actions was used to test the theoretical feasibility of sustainable corporate social responsibility activities. Corporate social responsibility has become important to many firms, but CSR activities tend to get less attention during busts than during boom times. The hypothesis tested is that the CSR activities of a firm are more economically rational if the economic actions of its stakeholders reflect the firm's level of CSR. Our model focuses on three types of stakeholders: workers, consumers, and shareholders. First, we construct a uniform framework based on a microeconomic foundation that includes these stakeholders and the corresponding firms. Then, we formulate parameters for CSR in this framework. Our aim is to identify the conditions under which every type of stakeholder derives benefits from a firm's CSR activities. We simulated our model with heterogeneous agents by computer using several scenarios. For each one, the simulation was run 100 times with different random seeds. We first simulated the homogeneous version discussed above to verify the concept of our model. Next, we simulated the case in which workers had heterogeneous abilities, the firms had cost for CSR activities, and the workers, consumers, and shareholders had zero CSR awareness. We tested the robustness of our simulation results by using sensitivity analysis. Specifically, we investigated the conditions for the pecuniary advantage of CSR activities and effects offsetting benefits of CSR activities. Finally, we developed a new model installed bounded rational and simulated. The results show that the economic actions of stakeholders during boom periods greatly affect the sustainability of CSR activities during slow periods. This insight should lead to a feasible and effective prescription for sustainable CSR activities.
Introduction
Corporate social responsibility (CSR) has become a primary concern in business. Many companies have undertaken CSR activities and make regular reports on them to their various stakeholders: employees, consumers, localities, and shareholders. However, CSR activities generally get less attention during recessions than during boom periods, meaning that they are difficult to sustain. Friedman (1970) argued that a firm's activities related to CSR are economically inefficient. However, if this is true, why is there emergence of CSR awareness? The key to the emergence is support by stakeholders. For example, consumers may choose to purchase products produced by a firm with a high level of CSR activity even though they are more expensive, investors may preferentially purchase shares in such firms, and workers may choose to work at such firms although they receive lower wages. In short, the altruistic behaviours of stakeholders promote sustainable CSR activities. Before describing our study, we explore the meaning of CSR. The concept of CSR is ambiguous and thus very confusing (Morsing 2006) . It can be regarded as philanthropy, i.e. as cause-related marketing, employee volunteerism, or as another innovative program.
CSR activity is narrowly defined here as certain social action programs, such as philanthropic programs, that do not directly benefit the firm. If a model can show that CSR activities under our narrow definition can be sustained, then CSR activities under a wider definition will be more readily sustainable.
There have been a number of studies on CSR activities. Empirical studies have found evidence that CSR activities produce non-economic benefits in the form of consumer donations (Lichtenstein et al. 2004) ; however, the variables used for measuring the benefits were difficult to control. Other empirical studies have focused on the economic benefits. Baron (2004) developed a model of a firm's CSR activities and the risks related to activist campaigns such as boycotts. Testing using this model revealed the importance of strategic CSR activities; however, the societal effects of CSR activities were not analysed.
Does the economic climate affect CSR activities? In a special issue of the Journal of Productivity Analysis on CSR and economic performance, Paul and Siegel (2006) pointed out that the vast majority of studies on CSR and its effect on financial measures had been done from an economic perspective. They suggested that a more fundamental issue is the relationship between economic performance and CSR behaviour, where economic performance entails technological and economic interactions between output production and input demand, with respect to the opportunity costs of inputs and capital formation. They concluded that the costs of CSR activities must be balanced by the benefits motivating firms to carry them out. Selvi et al. (2010) studied Turkey's financial crisis in 2007 and mentioned that proponents of CSR claim that it has many benefits for the company such as enhancing its reputation and that opponents claim that it cannot protect a firm from financial harm in times of crisis. Reinhardt et al. (2008) addressed the question of how one should think of the notion of firms sacrificing profit in the interest of society. They considered cases of "voluntary" CSR, "reluctant" CSR, and "unsustainable" CSR. As an example of reluctant CSR, they pointed out that investors might "be forced to accept profit-sacrificing activities that are the result of external constraints" like having to use equipment designed for higher than required pollution limits. If CSR activities are unsustainable, firms might have to "raise prices, reduce wages, accept smaller profits, or pay smaller dividends". In the short-term, this could lead to a loss of market share, an increase in insurance costs, an increase in borrowing costs, and a loss of reputation. Possible long-term consequences include shareholder litigation, corporate takeover, and closure. So why would a firm chose to continue CSR activities that are unsustainable? One explanation they present is the principal/agent problem: managers (the "agents") may make decisions that commit the firm to short-term CSR activities that are not to the benefit of the owners (the "principals"), meaning that those activities should not be continued in the long run (SeeBaron 2006, for example).
We can survey some theoretical approach for describing CSR. Fehr (1999; 2002) introduced psychological insights into a theoretical economic model in the form of a function for the pecuniary payoff to both oneself and others; i.e. he assumed a kind of altruism. Since awareness of CSR includes altruistic motivation, he used a more general framework; however, it is difficult to apply his model to CSR activities. 
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Brekke (2004) developed a microeconomic model in which social welfare is added to the pecuniary payoff function. Testing with this model showed that "green firms", i.e. firms with a high level of CSR activity, may be better able to survive in the long run and that the CSR profile of a firm may affect both wages and worker productivity. The key point of his mechanism for survival is that morally motivated workers work harder when they are employed by a green firm. That is, firms with a higher level of CSR activity can potentially survive longer without public intervention. However, his model has an unrealistic assumption: each worker calculates his or her social welfare utility in a society in which all workers act like the worker. Moreover, the other stakeholders are not included. Shinohara et al. (2009) modelled CSR activity by using an agent-based approach. In their model, dissemination of CSR activities requires that consumers socially learn to value such activities and that firms identify economic incentives for embracing them. The model, however, is not based on microeconomic principles; for example, it lacks a function for maximising an agent's benefit. Moreover, the model has a fixed interaction topology and no interaction among multiple stakeholders. Therefore, it is insufficient for addressing Friedman's critique. A model with a stronger economic framework is needed.
Aim and overview
To understand CSR activities from the economic viewpoint, a model is needed that takes into account the various types of stakeholders. Moreover, it should reflect the observation that a firm's cost for CSR activities and its stakeholders' CSR awareness are different. So, we analyse how a firm with a certain level of CSR activities behaves economically in a society of stakeholders with differences in CSR awareness. This means that a static approach to solving the equilibrium condition is insufficient. To overcome this insufficiency, we developed an agent-based model. In accordance with Axtell's classification (2000), our approach corresponds to "third use, models ostensibly intractable or provably insoluble: agent computing as a substitute for analysis".
Our model focuses on three types of stakeholders: workers, consumers, and shareholders. First, we construct a uniform framework based on a microeconomic foundation that includes these stakeholders and the corresponding firms. Then, we formulate parameters for CSR in this framework. Our aim is to identify the conditions under which every type of stakeholder derives benefits from a firm's CSR activities.
After describing our model in Section 2, we describe our computer simulation using it and present key results in Section 3. The results are discussed in Section 4. We conclude with a brief summary and a mention of future work in Section 5.
Model
We first explain the uniform framework in which economic agents operate and describe the concepts for modelling it. Then we describe the agents' awareness and the firm's CSR activities. The notation and structure equations are then defined. Finally, we formulate an agent-based model for simulation.
Framework
Our model has four types of economic agents: firms, workers, consumers, and shareholders.
Products made by a firm depends on its capital stock and the sum total of the workers' efforts (Eq. 1). We use the constant elasticity of substitution production function (Arrow 1961) . Product quantity affects both the economic attractiveness of the firm's products (Eq. 6) and worker wages (Eq. 4). Here we assume that the higher the quantity of a product, the higher its price, and that the higher its economic attractiveness, the higher the worker wages. For simplicity, all workers at a firm are assumed to earn the same wage (Eq. 4). The assumption for capital stock is simple: it depreciates at a constant rate and new stock is added each month (simulation period) (Eq. 2). Investors invest one unit in any firm of their choice each month.
A worker hired by a firm consumes production goods as a consumer, so the number of workers equals the number of consumers. This assumption is important because the effect of a firm's CSR activities redounds through a mechanism for changing consumption quantities as wages change. It may be easy to understand if you would regard that a pair of a worker and a consumer makes a family budget. Firm size is based on the calculated aggregate demand. The demand quantity of firm F is the total wages of consumers who choose the firm F. Shareholder behaviour is modelled on investment behaviour, and shareholders tend to focus on firm size. The size is based on the aggregate demand (Eq. 7). Shareholder investment in a company contributes to advances in product quantity (Eq. 1).
In every simulation period, which is described below, a firm is chosen by workers (Eq. 5), consumers (Eq. 6), and shareholders (Eq. 7) through their job hunting activities, consumption behaviours, and investment destination selections, respectively. The economic actors in each group use a function to calculate the value to them of each firm. Each actor defines a probability vector consisting of all the firm's values and selects one firm. Therefore, all stakeholders have the ability to communicate with all firms. Figure 1 shows a conceptual diagram of this framework. 
Concept
The greater the level of a firm's CSR activities, the more the firm degrades product quantity (Eq. 1). This is because CSR activity is defined here as cost. The three types of stakeholders have biased evaluations of the firms by their observations of firms' CSR activities (Eqs. 3, 5, 6, 7).
An essential point of modelling a job market is including a firm's need to find a small number of candidate workers with both high task ability and high CSR awareness. Due to asymmetric information, firms cannot distinguish such workers ex ante. In contrast, workers can distinguish firms with a high level of CSR activity. When a firm with a high level of CSR activity hires workers who have both high task ability and high CSR awareness, it is likely to earn higher profits (Eq. 1) because such workers implicitly approve of their new employer's support of CSR activities and thus exert greater efforts in their work.
Workers generally favour firms that pay higher wages; moreover, those who highly value CSR pay more attention to the CSR activities of firms. In our model, every worker calculates the value of every firm and decides where to accept employment on the basis of these valuations (Eq. 5). Since we assume that there is a shortage of workers, each worker can work at whichever firm he or she prefers (Burdett 1998 ). Workers decide their levels of effort on the basis of their own abilities. The higher the wage they receive, the greater their effort, and the higher the firm have cost for CSR, the greater the effort of the 2.9 2.10 2.11
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workers who highly value CSR (Eq. 3).
A small number of consumers with high environmental awareness are a key factor in our model. Firms with higher support of CSR set higher prices for their products, while consumers with high environmental awareness favour those products. Consumers also choose firms and buy their goods on the basis of their incomes (Eq. 6). Which firms do consumers choose? Each consumer calculates the value of each firm on the basis of its economic attractiveness and level of CSR activity. Strictly speaking, consumers base their buying decisions on each firm's level of CSR in our model. That is, we assume that a firm's level of CSR affects its activities directly.
Shareholders (investors) who highly value CSR bias their investments toward firms with more CSR activities. They have a function for calculating the value of firms and use it to decide their investment allocations (Eq. 7). For simplicity, we consider neither dividends nor shareholder consumption behaviours.
A conceptual diagram of the parameters related to CSR is shown in Figure 2 .
Figure 2. Conceptual diagram of CSR

Notation and structure equations
Before formulating our conceptual model, we present in Table 2 the notation used. We use X instead of X(t) because almost all 2.13 2.14 2.15 the parameters change over time; that is, X(t) means the value of X at time t. Value to firm i of shareholder j Next, we formulate the structure equations of our model:
where w i , q i , and x 1 are defined relative to W i , Q i , and X i , respectively, and where #W, #F, and #H are the number of workers, firms, and shareholders, respectively. For example, w i , the relative wage level for workers at firm i is defined by Parameter s i is defined as shown in Table 3 . If all the economic entities (firms, workers, consumers, shareholders) have the same level of CSR awareness and activities (=C), and all workers have the same ability (=A), and each agent is both a worker and a consumer, the model has a robust equilibrium state, We call this model a homogeneous model as it is based on the assumption of homogeneous economic agents. Moreover, as mentioned in Section 1.2, the model should reflect the observation that a firm's CSR activities and its stakeholders' CSR awareness are different. Therefore, parameter values should differ between agents and be dynamic. If we allow entity heterogeneity, it is difficult to analyse the model. This is because Q i cannot be calculated analytically because the choice functions (VW, VC, and VH) use probability vectors and a firm's level of CSR activities CF i . is heterogeneous. Therefore, we need agent-based simulation.
Agent-based model
On the basis of the notation and structure described above, we constructed an agent-based model of firms, workers, consumers, and shareholders to investigate the effect of CSR activities.
The agents do not have adaptive processes, so the level of CSR awareness and activities does not change throughout the simulation except as otherwise noted. While Shinohara (2009) used agents with adaptive processes, the processes were modelled without a function for maximising the agent's benefit, and the model cannot be used to analyse variations in CSR awareness in society after the dissemination of CSR awareness.
The parameters for the simulation were set as shown in Table 4 . The pseudocode for the model is shown in Appendix A, and source code in the C language is here. Some parameters were calibrated. Equation 8 (Table 4) shows that s 2 and s 3 must be close to each other to balance the labour factor with the capital stock factor in the production function (Eq. 1). If they are not balanced a change in either has little effect on product quantity. Our aim is to observe the effect of both factors on cost for CSR activities, so we set s 2 = s 3 , which is a limitation of our study. It is common in economics for the depreciation rate, s 3 , to be set to 0.1 (Alti 2003) . Parameters s 1 and s 5 and the range of A affect model stability, so they are set for easily observing the behaviour of the simulation model. 
Simulation
We simulated our model with heterogeneous agents by computer using several scenarios. For each one, the simulation was run 100 times with different random seeds. The metric was the average quantity of capital stock for over the 100 runs. Since capital stock reflects firm size, it is an appropriate metric for firm survivability.
Verification
We first simulated the homogeneous version discussed above to verify the concept of our model. We tested whether the model reached an equilibrium state regardless of the initial parameter settings. Changes in Q, W, X, I, and K over time for Next, we simulated the case in which workers had heterogeneous abilities, the firms had cost for CSR activities, and the workers, consumers, and shareholders had zero CSR awareness. Figure 3 shows the average quantity of capital stock (K), wage (W), and demand (X). It shows that the greater the degree of cost for CSR a firm has, the worse its performance. This supports the well-known insight that CSR activities are not economically advantageous to firms.
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Figure 3. Values of W, X, and K for different degrees of firm cost for CSR activities when other entities had zero CSR awareness. Note that by 10 instead of K. As formulated in Appendix A, each firm has a different CF i , so the firms line up on
Results
To determine the effect of a firm's CSR activities on its survival, we tested various cases in our agent-based simulation. First, we investigated which type of stakeholder is most effective for sustaining CSR. Figure 4 shows that the CSR effect strongly depends on the social tolerance ratio by firm's performance to CSR activities. If the ratio is low (s 1 = 0.1), all three types of stakeholders substantially affect the firm's CSR activities. If the ratio is much higher (s 1 = 0.3), firms with much CSR activity have trouble surviving. Moreover, as shown in Figure 4 , any type of stakeholder has the effect on that a firm's cost for CSR activities makes the firm large. Next, to test the stability and robustness of the CSR effect, we assumed that the CSR awareness of stakeholders suddenly disappears. Parameters (I, K, X, W, Q) were initialised as (#H/#F, I/s 3 , Q, Q #F/#W, (1-s 1 CF i ){(s 4 + A #W / #F + s 2 K} where A is the average of A i . Figure 5 shows the trend in the quantity of investment for two firms with the largest and smallest degrees of cost for CSR activities. The CSR awareness levels for all stakeholders (workers, consumers, and shareholders) were set randomly in the initial period; they were switched to zero when the number of simulation periods reached ten.
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3.7 Figure 5 . Trend in quantity of investment for firms with maximum and minimum expense for CSR activities, where CSR awareness of all stak Although, the advantage of CSR activities for a firm subsequently declined, it did have inertia.
We then extended this case by assuming that stakeholders of one type retained their CSR awareness while those of the other types lost it. Figure 6 shows the trend in the quantity of investment for the same two firms. The advantage of CSR activities was retained despite all but one stakeholder type losing its CSR awareness.
3.8 Figure 6 . Trend in quantity of investment for same two firms in Figure 5 but (a) workers retain CSR awareness after simulation period ten omitted because it is almost the same as that for consumers.
Finally, we tested the effect of activities on the depreciation of capital stock. 
Sensitivity analysis
We tested the robustness of our simulation results by using sensitivity analysis. Specifically, we investigated the conditions for the pecuniary advantage of CSR activities and effects offsetting benefits of CSR activities.
First, we analyzed whether there is a threshold for CSR awareness. As shown in Figure 6 , CSR awareness by only one stakeholder is sufficient to maintain advantage of CSR-aware companies. This phenomenon is implicit in the model, so we investigated it in detail by conducting additional experiments. As shown in Figure 8 , surprisingly, one stakeholder with CSR awareness is sufficient to maintain the overall advantage of CSR activities even if the remaining stakeholders have no CSR awareness initially.
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Figure 8. Difference in quantity of capital stock with maximum and minimum expense for CSR activities under the same conditions as fo awareness of two kinds of stakeholders disappears at is changed as a variable. The curve for shareholders is omitted because
How does the strength of CSR awareness weaken? Figure 9 shows that the stregnth of CSR awareness weakens when the simulation period reaches ten. We investigated whether the degree of the advantage of CSR-awareness increases the number of stakeholders with CSR awareness. We found that the advantage of CSR activities is retained if at least 30% of one stakeholder retains their awareness.
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3.13 Figure 9 . Difference in quantity of capital stock with maximum and minimum expense for CSR activities under the same conditions as for F awareness showed a x% drop in awareness when the simulation period reached ten. The curve for shareholders is omitted becau Next, we tested two effects offsetting the benefits of CSR activities. The first effect is increased marginal cost of production. We represent this by the addition of multiplier m to the production function (eq. (1)):
(1') Figure 10 shows the change in capital stock with an increase in m. The change in the marginal cost of production clearly had no effect on the benefits of CSR activities although there were some slight differences. Figure 10 . Difference in quantity of capital stock with maximum and minimum expense for CSR activities under the same conditions as for F
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The second effect is a change in the distribution of workers' ability. We set the range of their abilities, r, to 0.1 (i.e. the range of their abilities was 0.9 to 1.1) in the basic model. The simulation results for various values of r are shown in Figure 11 . As in the case of a multiplier added to the production function, a change in the distribution of workers' ability had no effect on the benefits of CSR activities.
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Figure 11. Difference in quantity of capital stock with maximum and minimum expense for CSR activities under the same conditions as f (horizontal axis).
Installing bounded rationality
Some might feel that our model is too restrictive with regard to several points. Generally speaking, agents cannot have perfect information or rationality. We thus revised our model to incorporate this imperfection. The new bounded rational model differs from the model described above in four ways.
1. Separation between workers and consumers. Shareholders as well as workers consume, so a family budget does not always need a pair of one worker and one consumer. The new model allows the number of those stakeholders to be freely adjusted. In this model, #S represents the number of consumers. The consumption unit is defined as Q / #S because the total income for the economy equals the total production, and consumers are assumed to have equal consumption power. 2. Cognitive limitation. Since a stakeholder usually does not know all of the firms, the new model has restricted stakeholder memory capacity. Initially, an agent knows a list of M firms selected randomly. It calculates certain values, such as the average wage, for the firms in its memory list. For simplicity, the new model does not need the value function, VW, VC, VH in this phase. A stakeholder chooses a firm in memory list randomly; that is, the firms in a list have the same probability of being selected.
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3. Informative limitation. Since a stakeholder also usually does not know the actual evaluated values of firms, the new model incorporates cognitive probability, p, as a value function. Actually, each stakeholder knows the correct value of the value function (VW, VC, or VH) with probability p, so the new model uses a random value that follows a uniform distribution instead of the correct distribution. This function is calculated in a revision phase newly added at the end of each simulation period. In this phase, the half of the firms with lower values are replaced. 4. New values for some parameters. The extensions described above resulted in the use of new values for the parameters listed in Table 5 . The other parameters had the values shown in Table 4 . Feasible source code for the bounded rational model in C language is here. Figure 12 shows the effect of stakeholder's cognitive error (p) on the advantage of CSR activities in the case where every stakeholder has CSR awareness randomly. As was shown as Figure 4 , CSR-aware firms have an advantage if all stakeholders have CSR awareness. Moreover, the CSR effect strongly depends on the level of the stakeholders' cognitive error. If they have perfect information on the level of firms' CSR activities (p = 1.0), they can choose firms they prefer correctly. Therefore, firms are divided into groups of winners and losers definitely which depends on the size of stakeholder's memory, M. On the other hand, if they have less than perfect information (p = 0.0), the performance looks like it is random due to cognitive error. The results for p = 0.1 suggest that CSR activities can keep their advantages in spite of slight information for their activities. We tested the robustness of the CSR effect á la Figures 5 and 6 . The results are shown in Figures 13 and 14 , respectively. As shown in Figure 13 , if stakeholders have little information on the level of firms' CSR activities (p = 0.1), the inertia of the advantage of CSR activities quickly loses its power. Even if p = 0.5, the advantage cannot be maintained. In contrast to the heterogeneity model ( Figure 5 ), however, when the level of information known by stakeholders exceeds a certain level (p = 0.7), the inertia maintains its power. This is because the degree of the advantage is sufficient for stakeholders to keep choosing the same firm due to their cognitive limitation. The case in which one stakeholder can retain its CSR awareness keeps advantage even if p = 0.1, as shown in Figure 14 . This means that there is strong inertia for maintaining the advantage of CSR activities in spite of a large cognitive error. Figure 13 with p = 0.1 only, but (a) workers retain CSR awareness after simulation period ten, a omitted because it is almost the same as that for consumers.
Discussion
As mentioned in the introduction, it is generally believed that CSR activities are economically inefficient. However, our testing showed that, if a firm's various stakeholders make decisions that take into consideration a firm's CSR activities, its CSR activities have a pecuniary payoff. The stakeholders considered here are workers, consumers, and shareholders. Moreover, simulation using our model showed that the pecuniary advantage of CSR activities has inertia. That is, CSR-aware firms continue to have a pecuniary advantage for a while after the CSR awareness of its stakeholders disappears.
Why does the pecuniary advantage of CSR have inertia? It has inertia because a firm with high cost for CSR activities tends to establish a high-profit structure. Product quantity is not affected positively by CSR awareness directly but by the cumulative investment in capital stock and by the high wages paid to labour for quality work.
As illustrated in Fig. 7 , investment in depreciable capital stock results in the inertia of CSR activities. The fact that almost all capital stock is depreciable ensures the sustainability of CSR activities. This benefit, however, is not derived when a uniform framework consisting of various stakeholders is not developed. 
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The most important finding here is that, even if only one type of stakeholder retains CSR awareness, the firms have a pecuniary advantage. The realization by stakeholders of the importance of CSR apparently has an irreversible effect. Once enhanced awareness of CSR, driven by a few stakeholders who highly value CSR, has been attained, its effect may continue even if this awareness diminishes over time. CSR activities thereby become irreversible, and firms with a higher level of CSR activity can better survive. Therefore, a promising approach is to formulate a policy in which at least one type of stakeholder retains its awareness of CSR even in recessions.
The workers in particular greatly affect a firm's CSR activities (Figures 4 and 6 ). This is because only workers affect CSRaware firms in two ways: choice of firm and level of effort. In contrast, consumers have only one effect (product choice) and shareholders have only one effect (investment choice). Although shareholders could affect the decisions a company makes about CSR activities by, for example, speaking up at the shareholders' meeting, the effects among shareholders would not be equal. In any case, in our model, the case in which a small group of workers has high CSR awareness has the largest possible effect among all possible cases.
These insights provide a clue for how to sustain CSR activity when the economy weakens. Typically during a recession, firms cut their expenses by reducing or eliminating CSR activities. However, if CSR-aware firms could keep the pecuniary advantage they enjoy during boom periods, they would be less inclined to reduce or eliminate their CSR activities. Our findings show that the economic actions of stakeholders during boom periods greatly affect the sustainability of CSR activities during slow periods. These insights should lead to a feasible and effective prescription for attaining sustainable CSR activities.
Summary and Future Work
We simulated an agent-based model of firms and stakeholder economic behaviours in order to test the theoretical feasibility of attaining sustainable corporate social responsible activity. The results provide significant insights into the pecuniary advantage of CSR activity and the inertia of its effect. The key insights are that investment in capital stock brings inertia to CSR activities and that even if only one type of stakeholder retains its CSR awareness during a recession, the firm will be less likely to reduce or eliminate its CSR activities. These insights should lead to a feasible and effective prescription for attaining sustainable CSR activities.
Various other possible approaches to attaining sustainable CSR activities remain for future work. One idea is to use more specific case studies. However, our aim was to construct a theoretical and operational model. Rather, we need to extend the model itself. For example, the economic entities should be able to learn so that they can imitate the entity achieving the highest performance. Moreover, our model does not directly connect the consumption quantity to a firm's performance, so there is no feedback related to consumption. This means that consumer behaviour, such as boycotting a firm's products, is not considered.
There are other limitations as well. For example, there is only a one-dimensional perspective on CSR activity, so it is hard to distinguish between eco-friendly production and improvement in the work environment. In the current model, the CSR awareness of an employer is independent of that of its employees. The model should be extended to allow dependence between them. Moreover, it should be extended to incorporate a learning process. Although we simplified the model, we can still make it multidimensional without changing the framework once the base model is constructed and verified. Finally, our model does not consider firm loyalty, a major factor in economic sustainability.
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